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2  Business Cycles in Developing Countries

















































in	economic	policy.	Which	leads	them	to	conclude	that	"shocks to trend growth 6
are the primary source of fluctuations in these [emerging] markets as opposed to 





















2.2  The Colombian Business Cycles
The	lower	panel	of	Table	1	presents	the	second	moments	in	the	main	Colombian	
quarterly	macroeconomic	aggregates	for	the	period	1994:1	to	2008:4.	Colombian	
data	 is	 characterized	 by	 some	 of	 the	 main	 stylized	 facts	 from	 the	 sample	 of	
developing	economies	highlighted	in	the	middle	panel	of	Table	1.	There	is	a	higher	
macroeconomic	volatility	measured	by	the	variance	of	output	and	the	trade	balance	























































        
  
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           
            
          
           
          
             
            
          
      
   
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honor	the	remaining	debts	to	workers,	(1-θ	)	Wt  ht ,
and	to	the	financial	system	θWt  ht Rt-1,	and	pay	for	rented	capital	capital	utKt.
Given	Wt,	ut	and	Rt-1,	the		firm's	problem	is	to	choose	labor	and	capital	in
order	to	maximize	profits,	Πt,	given	by
            
       
              
              
            
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            
            
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            
             
            
              
      
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    
     

  
              
 
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Having	specified	the	intratemporal	problem	of	the	household,	we	are	ready	to	specify	
the	 household's	 sequential	 budget.	 Recalling	 that	 the	 representative	 agent	 has	
access	to	a	world	capital	market	for	noncontingent	debt,	her	budget	constraint	is,	
therefore,
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Letting	 t	 denote	 the	 Lagrange	 multiplier	 associated	 with	 the	 sequential	 budget	
constraint,	the	first	order	conditions	of	the	household's	maximization	problem	are	
(17),	(5),	(19)	holding	with	equality,	and
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3.4  Interest Rates and Country Risk
We	close	the	model	by	providing	a	simple	theory	for	 Rt,	the	interest	rate	faced	
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    
          
    
             
  
     
 
     
          

          
          
         

where	
             
 
          
  
        







     
         

          
           
             
         
    
          
    
             
  
     
 
     
          

          
          
         

	and	
             
 
          
  
        







     
         

          
           
             
         
    
          
    
             
  
     
 
     
          

          
          
         

	is	an	i.i.d.	innovation	with	mean	zero	and	variance	
             
 
          
  
        
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         

	is	the	Solow	residual,	defined	as	
             
 
          
  
        







     
         

          
           
             
         
    
          
    
             
  
     
 
     
          

          
          




             
 
          
  
        







     
         

          
           
             
         
    
          
    
             
  
     
 
     
          

          
          
         
14
where	
             
 
          
  
        







     
         

          
           
             
         
    
          
    
             
  
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        
  
          
           

where	
               
 
           
 
     

         

              
    
  
            















          
        
  
          
           

;	and	
               
 
           
 
     

         

              
    
  
            















          
        
  
          
           

	is	an	i.i.d.	shock	with	mean	zero	and	variance	
               
 
           
 
     

         

              
    
  
            















          
        
  
          
           

,	and	
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3.6  Competitive Equilibrium
A	competitive	equilibrium	path	for	this	economy	is	a	set	of	stationary	processes	
along	a	balanced	growth	path	for	twelve	allocations,
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(13)-(14)-(16)-(17)-(18)-(20)-(21)-(22)-(23);	 the	 government	 balanced	 budget	 rule	
(24);	the	trade	balance-to-output	definition	(25);	the	country	specific	interest	rate	and	
spread	processes	(26)-(27);	given	the	initial	conditions	for	K0	and	D0;	Γ-1	and	the	




            
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     
   
            
         
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4.1  Bayesian Estimation Framework
We	normalize	the	variables	that	trend	in	equilibrium	by	dividing	them	by	the	(lagged)	
trend	level,	
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where	{x1; x2}	are,	respectively,	state	and	control	variable	vectors;	
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expressed	 as	 a	 non-invertible	 linear	 combination	 of	 the	 state	 variables	 in	 a	
measurement	equation:
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          
           
         
  
 
       
             
 
             

   

   

    

        

 
          









   
   
          
          

          
         
          
           
         
  
 
       
             
 
             

   

   

    

        

 
          
     

and	the	system	of	measurement	equations	(37)	is
   
   
          
          

          
         
          
           
         
  
 
       
             
 
             

   

   

    

        

 
          
     

where	
   
   
          
          

          
         
          
           
         
  
 
       
             
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
    
           
                  
               
          
             
              
            
         
             
                
            
                
                  
             

,	where	θ1	is	the	vector	of	parameters	that	we	calibrate:
    
             
            
              
          
          
    
         

    
           
                  
               
          
             
              
            
         
             
                
            
                
                  



















            
              
         
             
                
               
            
      














           
           
            
             
           
            
           
            






Frictions	model	but	it	is	rather	calibrated	as	α	=	LaborShare*[1 + (R -1)	θ].
	 Thus,	it	will	have	an	entire	distribution	determined	by	the	posterior	distribution	of	θ.18
The	vector	θ2	gathers	the	other	twenty	two	parameters	we	estimate:
            
              
         
             
                
               
            
      














           
           
            
             
           
            
           
            




































5.1  Posterior distributions
Table	4	reports	the	posterior	distributions	for	the	twenty	two	parameters	estimated	

























           
         
           
           
           
              
   
           
          
             
            
            
           
            




















                
           
           
           







           
         
           
           
           
              
   
           
          
             
            
            
           
            




















                
           
           
           






















































And	 the	 model	 fails	 completely	 by	 grossly	 overstating	 the	 procyclicality	 of	 the	
government	expenditure.
5.2.2  Historical Decomposition







        
          
            
          
             
           
           
 
  
           
          
          
            
            
          
    


              
              
         

































5.3  Bayesian Model Comparison and Forecasting Performance





           
         
            
         
            
           
          

      

         
             
          
           










           
         
            
         
            
           
          

      

         
             
          
           
































         
     
            
           
           
         
            
        
             
         
           
            
            
          
           



































     
          
           
            
            
            
           
         
           
             
          
       
             
           
             
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             
            
           
             
               
             
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Table 1. Business Cycles Moments
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Table 1. Business Cycles Moments 
 
Corr(Xt, gYt-s)  Variable  sd(X)  sd(X) / 
sd(gY)  Corr(Xt, Xt-1) 
s = 1  s = 0  s = -1 
Corr (Xt, 
dTBYt) 
  Developed Countries 
gY        
gC        
gI        
dTBY        
  Developing Countries 
gY        
gC        
gI        
dTBY        
  Colombia 
gY        
gC        
gI        
dTBY        
gR
*        
gToT        
gG        
Note: gX and dX denote log differences and linear difference, respectively. Y is output; C is 
private consumption; I is investment; TBY is trade balance-to-GDP ratio; R* is a proxy for the 
gross risky interest rate available to emerging economies similar to Colombia; ToT is a proxy of 
Colombian terms of trade index; and G is the level of public consumption. The source of data for 
Developed  and  Developing  countries  was  Aguiar  and  Gopinath  (2007).  Colombian  data  is 
quarterly from 1994:1 to 2008:4. See appendix for more data sources and details.  
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Parameter  Description  Calibrated 
Value 
σ   Intertemporal Elasticity of Substitution  σ      2.0 
ω  
Labor Supply Elasticity  
 ω
 
  −  
  1.6 
  −   Labor Share of Income  0.68 
   
Gross Annual Foreign Interest Rate  1.0816 
µ   Long-run Gross Productivity Growth Rate  1.0077 
ψ   Debt Elastic Interest Rate Parameter  0.001 
β  
Discount Factor  0.9976 
   Long-run Gross Country Interest Rate Premium  1.0 
δ  
Depreciation Rate of Capital  0.20 
   Debt-to-GDP Ratio (D/Y)  0.100 
     Government Expenditure Share of Income  0.19 
  
Labor in steady state  1/3 
 
Note:  Note  that  α   is  not  exactly  equal  to  labor  share  (    )  but  it  is  rather 
( )
        α θ   = + −    and its distribution is a function of the distribution of θ . 
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Note: Estimates obtained using four observables, {gY, gC, gI, dTBY} from the Colombian quarterly data, 1994:1- 
2008:4 (see Appendix for data sources). Estimations were done using measurement errors in all four variables. 
RWC refers to the random walk component, see text for details. Numbers in brackets report the 90 percent 
confidence intervals from each posterior distribution.
Table 4. Prior / Posterior Distributions
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Posterior Distribution  Posterior Distribution 
Parameter  Prior 
Distribution  Mode  Mean 
  Parameter  Prior 
Distribution  Mode  Mean 
 ρ  
0.72         
[0.42, 0.94]  0.97  0.97    
[0.94, 0.99]    σ  
2.00         
[0.70, 3.91]  0.27  0.30    
[0.11, 0.51] 
 ρ  
0.72         
[0.42, 0.94]  0.65  0.69    
[0.43, 0.96]    σ  
2.00         
[0.70, 3.91]  0.37  0.43    
[0.15, 0.67] 
 ρ  
0.72         
[0.42, 0.94]  0.98  0.96    
[0.83, 0.99]    σ  
2.00         
[0.70, 3.91]  2.32  2.58    
[1.96, 3.24] 
 ρ  
0.72         
[0.42, 0.94]  0.78  0.70    
[0.51, 0.86]    σ  
2.00         
[0.70, 3.91]  0.26  0.25    
[0.09, 0.51] 
 ρ  
0.72         
[0.42, 0.94]  0.86  0.85    
[0.64, 0.98]   γ  
0.20         
[0.06, 0.39]  0.18  0.16    
[0.02, 0.34] 
  σ  
2.00         
[0.70, 3.91]  0.72  0.71    
[0.56, 0.87]   γ  
0.20         
[0.06, 0.39]  0.15  0.16    
[0.03, 0.37] 
  σ  
2.00         
[0.70, 3.91]  0.36  0.27    
[0.09, 0.50]  η  1.00         
[0.35, 1.95]  0.89  0.79    
[0.41, 1.21] 
  σ  
2.00         
[0.70, 3.91]  0.66  0.55    
[0.25, 0.81]   υ  
1.00         




2.00         
[0.70, 3.91]  0.84  0.90    
[0.30, 1.72]   υ  
1.00         
[0.35, 1.95]  0.75  0.76    
[0.21, 1.58] 
  σ  
2.00         
[0.70, 3.91]  1.64  1.65    
[0.40, 3.38]   ρ  
0.00             
[-1.66, 1.66]  1.04  1.30    
[0.66, 1.94] 
φ  
6.00         
[1.62, 12.6]  6.89  5.77    
[3.15, 9.38]  RWC  2.73        
[0.70, 24.59]  0.77  0.64    
[0.04, 27.84] 
θ  
0.50         




Note: Estimates obtained using four observables, {gY, gC, gI, dTBY} from the Colombian quarterly data, 1994:1-
2008:4 (see Appendix for data sources). Estimations were done using measurement errors in all four variables. RWC 
refers to the random walk component, see text for details. Numbers in brackets report the 90 percent confidence 







Table 5. Forecast Error Variance Decompositions
Note:  gX  denotes  log-differences,  dX  denotes  first  differences.  Variance  decompositions  computed  from  the 
estimation using four observables and measurement errors in all variables. Numbers reported using posterior 
mode  estimates.  Standard  Errors  are  omitted  for  brevity  but  are  available  upon  request.  In  the  variance 
decomposition computations only the role of the structural shocks was taken into account. A time horizon of 40 
quarters was used when computing the variance decomposition.
Table 6. Sample and Model-Based Business Cycles
Note: gX and dX denote log differences and linear difference, respectively. See appendix for data sources. Model-
based moments were computed using posterior mode. Confidence intervals are omitted for brevity but are 
available upon request.
 
Table 5. Forecast Error Variance Decompositions  
 
Structural 
Shock  gY  gC  gI  dTBY 
 ε   74.2  43.1  60.4  19.3 
 ε   6.9  26.0  2.1  1.9 
 ε   17.0  19.9  37.4  75.5 
 ε   0.0  0.0  0.0  2.0 
 ε   1.9  11.0  0.2  1.4 
Note:  gX  denotes  log-differences,  dX  denotes  first  differences.  Variance  decompositions  computed  from  the 
estimation using four observables and measurement errors in all variables. Numbers reported using posterior 
mode  estimates.  Standard  Errors  are  omitted  for  brevity  but  are  available  upon  request.  In  the  variance 
decomposition computations only the role of the structural shocks was taken into account. A time horizon of 40 
quarters was used when computing the variance decomposition. 
 
Table 6. Sample and Model-Based Business Cycles 
Moments 
 
Corr(Xt, gYt-s)  Variable  sd(X)  sd(X) / 
sd(gY)  Corr(Xt, Xt-1) 
s=1  s=0  s=-1 
Corr (Xt, 
dTBYt) 
  Colombia 
gY        
gC        
gI        
dTBY        
gR
*        
gToT        
gG        
  Model Based Moments 
gY        
gC        
gI        
dTBY        
gR
*        
gToT        
gG        
Note: gX and dX denote log differences and linear difference, respectively. See appendix for data sources. Model-based 
moments were computed using posterior mode. Confidence intervals are omitted for brevity but are available upon 
request. 
 
Table 5. Forecast Error Variance Decompositions  
 
Structural 
Shock  gY  gC  gI  dTBY 
 ε   74.2  43.1  60.4  19.3 
 ε   6.9  26.0  2.1  1.9 
 ε   17.0  19.9  37.4  75.5 
 ε   0.0  0.0  0.0  2.0 
 ε   1.9  11.0  0.2  1.4 
Note:  gX  denotes  log-differences,  dX  denotes  first  differences.  Variance  decompositions  computed  from  the 
estimation using four observables and measurement errors in all variables. Numbers reported using posterior 
mode  estimates.  Standard  Errors  are  omitted  for  brevity  but  are  available  upon  request.  In  the  variance 
decomposition computations only the role of the structural shocks was taken into account. A time horizon of 40 
quarters was used when computing the variance decomposition. 
 
Table 6. Sample and Model-Based Business Cycles 
Moments 
 
Corr(Xt, gYt-s)  Variable  sd(X)  sd(X) / 
sd(gY)  Corr(Xt, Xt-1) 
s=1  s=0  s=-1 
Corr (Xt, 
dTBYt) 
  Colombia 
gY        
gC        
gI        
dTBY        
gR
*        
gToT        
gG        
  Model Based Moments 
gY        
gC        
gI        
dTBY        
gR
*        
gToT        
gG        
Note: gX and dX denote log differences and linear difference, respectively. See appendix for data sources. Model-based 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 8. Sample and Model-Based Business Cycles
Note: gX and dX denote log differences and linear difference, respectively. See appendix for data sources. Model-
based moments were computed using posterior mode. Confidence intervals are omitted for brevity but are 
available upon request. 
 
Table 8. Sample and Model-Based Business Cycles 
Moments. Annual Data: 1925-2008 
 
Corr(Xt, gYt-s)  Variable  sd(X)  sd(X) / 
sd(gY)  Corr(Xt, Xt-1) 
s=1  s=0  s=-1 
Corr (Xt, 
dTBYt) 
  Colombia 
gY        
gC        
gI        
dTBY        
gR
*  
gToT        
gG        
  Model Based Moments 
gY        
gC        
gI        
dTBY        
gR
*        
gToT        
gG        
Note: gX and dX denote log differences and linear difference, respectively. See appendix for data sources. Model-based 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 10. Forecast Error Variance Decompositions.
Note:  gX  denotes  log-differences,  dX  denotes  first  differences.  Variance  decompositions  computed  from  the 
estimation using four observables and measurement errors in all variables. Numbers reported using posterior 
mode  estimates.  Standard  Errors  are  omitted  for  brevity  but  are  available  upon  request.  In  the  variance 
decomposition computations only the role of the structural shocks was taken into account. A time horizon of 40 
quarters was used when computing the variance decomposition.
 
Table 10. Forecast Error Variance Decompositions. 
Estimation with Annual Data  
 
Structural 
Shock  gY  gC  gI  dTBY 
 ε      
 ε      
 ε      
 ε      
 ε      
Note: gX denotes log-differences, dX denotes first differences. Variance decompositions computed from the estimation using 
four observables and measurement errors in all variables. Numbers reported using posterior mode estimates. Standard Errors 
are  omitted  for  brevity  but  are  available  upon  request.  In  the  variance  decomposition  computations  only  the  role  of  the 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Note: The first column tracks the evolution of the main Colombian macro aggregates in logs (except for the trade 
balance-to-GDP ratio) using the Kalman-smoothed process of the transitory technology process assuming 
no financial frictions (η = θ = 0 ). The second column tracks the evolution of the same aggregates using the 
Kalmansmoothed processes of the transitory technology and the interest rate and setting the parameters 
governing  the  degree  of  financial  frictions  (h  q  )  equal  to  their  posterior  mode  estimates. The  smoothed 
innovations  were  obtained  using  posterior  modes. The  simulations  were  computed  without  the  smoothed 
measurement errors.
Figure 4. Simulating the Colombian Business Cycle: 1997-2000
Figure 4. Simulating the Colombian Business Cycle: 1997-2000 
 
Simulation using only transitory technology shocks           Simulation using only transitory technology shocks 
     and no financial frictions                   and interest rate shocks with  financial frictions 
















































Note: The first column tracks the evolution of the main Colombian macro aggregates in logs (except for the trade 
balance-to-GDP  ratio)  using  the  Kalman-smoothed  process  of  the  transitory  technology  process  assuming  no 
financial frictions (  η θ = = ). The second column tracks the evolution of the same aggregates using the Kalman-
smoothed processes of the transitory technology and the interest rate and setting the parameters governing the 
degree of financial frictions (  η θ ) equal to their posterior mode estimates. The smoothed innovations were obtained 
using posterior modes. The simulations were computed without the smoothed measurement errors. 
Simulation using only transitory technology 
shocks and no financial frictions
Simulation using only transitory technology 
shocks and interest rate shocks with financial 
frictions